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Two proteins have been identified in extracts of fetal rat skin which are related to the two 
major fibrous proteins of newborn rat stratum corneum . The relative amount of t.hese 
proteins increases daily from the 16th to the 20th day (d) of gestat ion when judged by sod ium 
dodecyl sulfaLe (SDS )-polyacrylamide gel electrophoresis and immunoelectrophoresis using 
antibody to the purified fibrous protein . Two-dimensional an alysis by 50S-polyacrylamide 
gel electrophoresis and immunoelectrophoresis demonstrates that these two proteins are the 
on ly cross-reactive species in the fetal skin from 16d to 19d development. Some addit iona l 
lower-molecular-weight components can be detected at 20d and 21d . In double-diffusion 
analysis, cross-reactive proteins in 19d fetal ext racts show pa rtia l identity but have fewer 
antigenic si tes t han protei ns in 20d extracts. The 20d prot.ein shows a reaction of identity with 
purified newborn fibrous protein. 
Immunofluorescence studies on fetal skin support t he presence of cross- reacting: compo-
nents at 16d dev{'lopment related to the newborn fibrou s protein . Int.ensity of fluorescence in-
creases at lSd and 20d in the spinous and granular cell cytoplasm and in the keraLOhyaline 
granules. The stratum corneum , fi rst seen at 20d. is intensely fluorescent. The cellular local-
ization and time of appearance of the cross-reactive proteins suggest that they may be asso-
ciated with t.onofi la ments. 
The process of keratiniz.ation in fetal rat epider -
mis occurs between the 16th and 20th davs (dl of 
gestation. Morphologic changes during this time 
include the development of tonofilaments at 17d. 
keratohyaline granules at lSd, and the in itial 
formation of st ratum corneum at 20d 11 - 31. 
Changes in the Tate of DNA synthesis during 
morphogenesis have been reported 141. However. 
the synt hesis of specific proteins involved in kera-
tin izat ion has nOl been investigated . 
In contrast, newborn rat epidermis has been 
used ex tensively as a model system for the st udy of 
biochemical changes during mammalian epider · 
mal differentiation. Tonofilament and keratohya-
lin preparations have been isolated [5-81; fibrous 
protein has been purified from the stratum cor · 
neum 191 . and changes in protei.n content in the 
various cell st rata have been reported [10.11 J. 
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However. the sequence of biochemical events of 
keratinization and the precise role of morphologic 
stru ctures in this process are not yet known. The 
study of the initial occurence of specific differenti -
ated proteins may help elucidate the biochemical 
changes which take place during keratin ization. In 
a previous st.udy t he major fibrous proteins of 
newborn rat st ratum corneum were purified and 
the antibody to them was prepared. In the present 
study, this anti body is used as a tool for the 
ident.ification of fibrous proteins and their precur· 
sors in fetal rat skin. Invest.igations on the develop-
ment of keratin and re lated proteins in chick 
embryo scales and feathers have been reponed 
recently 112.131. 
M ATERIALS A~D M ETHODS 
Anjmal~. Fetal rats from Sprague-Dawley time· mated 
females were delivered by cesarian section. The fi rst day 
after conception was considered day O. One skin from 
each jitter was fixed in neutral buffered formalin, embed-
ded. sectioned, and stained with hemat.oxylin and eosin 
for age verification. 
Separation o{ epidermis. The dorsal skin was removed 
and placed in Earle's balanced salt solution (EBSS). The 
epidermis from 20d and 21d fetu ses was ~epa rated from 
the derm is after incubation in 0.10% trypsin at 4°C for 16 
hr. A sampl e of 20d derm is was also obtained . 
Epidermal- dermal separation was not attempted on 15d 
to 19d skin samples. 
Protein extract ion. The skin samples were minced and 
sti rred at room tem perat ure for 1 to 2 hr in 8 M urea 
containing 0. 1 M Tris- HCI, pH 8.5. 0. 1 M 2-mercaptoetha-
nol (2-MEI. and I mM dithiothreitol (DTTI (UTMEI, 
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and 10 ~g/ml phenyimethylsulfonyilluoride (PMSFl, a 
protease inhibitor. Samples were homogenized. and 17d 
to 21d samples were reext.lac ted fo r an additional 2 to 6 hI 
depending on age and difficulty of extraction. 
Protein concentration was assayed by the procedure of 
Bramhall et al \14]. 
Carboxy methy lation . Samples for immunoelectropho-
ret ic procedures were chemically reduced in order to 
maximize the solubility of the fib rous proteins. Dialyzed 
samples were incubated for 90 min in the dark at room 
temperature with .025 M iodoacetic acid and 10 ,ugi rol 
PMSF. The reaction was stopped by the addition of 
excess 2-ME . Excess reagents were removed by dialysis 
against 4 M urea with 0.1 M Tris-H el, pH B.5, and I mM 
DIT. 
SDS-polyacrylamide gel electrophoresis. The proce-
du re of Dunker and Ruekert [151 was followed as 
previously described Ill]. Samples for electrophoresis 
containing 2% 50S, 2% 2-ME. with at least 4 M urea were 
incubated at 100a C for I min . In general, 50 j.'g protein in 
20 to 40 ,u l was applied lO each gel. Electrophoresis was 
car ried out at 9 mAmp per tube for 3 1(2 hr. Gels were 
stained in Coomassie brilliant blue and destained as 
previously described (11 j. 
Preparation of antiserum . Purified newborn rat stra -
tum corneum fibrous protein (SCM-light chain) was used 
as an antigen [91. Antiserum was prepared in a goat by 
repeaLed injection of this preparation in Freund 's com-
plete adjuvant (50 .u~/ml) . 
ImmunoeLectrophoresis. The Laurell rocket method for 
immunoelectrophoresis was used [l6}. Glass plat.es were 
coated with 0.5 ~ alZarose contain ing 0.05 M verona I 
buffer. pH 8.6. Two- thirds of this layer was removed and 
replaced with the aga rose- veronal mixture contain ing 
antisera. Samples of known protein were applied in welts 
in the original agarose. Electrophoresis was carri ed OUI at 
3.8 volts /cm for 18 hr. P lates were washed 24 hr in 
phosphate-buffered saline. 48 hr in disti lled H 20 , then 
dried a t 37"C. stained for 30 min in O. 5~ Coomassie 
brilliant blue in acetic acid:ethanol:H,O {1O:1O:801. and 
destained in acetic acid :ethanoLH,O (20:10:70). 
Immunoelectrophoresis of SOS ·polyacrylamide gels 
was carried out as described above on gels sliced length-
wise and washed in distilled H20 for 45 min at 3i aC to 
remove excess SOS . The remaining half gel was stained 
in Coomassie brilliant blue and placed on the sta ined 
immunoelectrophoresis plate for photography. 
Imm unofluorescence. Antibody purified by affinity 
chromatography against the light chai n of the fibrous 
protein of newborn rat skin st ratum corneum was labeled 
with fluorescein isothiocyanate as described previously 
[9] . O.irect immunofluorescence on cryostat -sectioned 
skin was performed on duplicate samples. As a control. 
one se t was blocked with 3 changes of nonfluorescenl 
antiserum; the other was treated with 3 cha nges of 
normal goat serum . Both sets were washed in phos-
phate-buffered saline and then treated with 3 changes of 
the l1uorescent-labeled antibody f91. Observations were 
made on a Zeiss model IIOG fluorescence microscope. 
RESULTS 
SDS /-!el electroph oresis. Protein bands with 
electrophoretic mobility on SOS-polyacrylamide 
gels equivalent to the partially purified fibrou s 
proteins from newborn stratum corneum can be 
identified in the gels of fetal skin at l1d develop -
ment and older. The posi t ion of t.hese bands is 
indicated in Figure l. The intensity of these bands 
increases with age. A thi rd band with mobility 
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intermediate between the two specified bands also 
increases in intensity from 15d to 20d develop-
ment. Another prominent band with slightly 
greater mobility than the fibrous bands is seen at 
20d. This band has been previously identified in 
the newborn stratum corneum and in a potassium 
phosphate-extracted keratohyali n preparation 
[17J. An SOS gel of 20d dermis proteins is included 
in Figure 1 for comparison with the 15d to 19d 
samples in which separat ion of dermis and epider-
mis was not performed . Also shown is an SOS gel of 
molecular weight standards. 
Specificity of antiserum. The antiserum was 
found to be specific for epidermis. No precipitation 
bands a re seen in Ouchterlony double-diffusion 
analyses with similarly prepared extracts of rat 
dermis. kidney. or liver (Fig. 2) or with SCM~bo­
vine serum albumin (Fig. 3). However. a very 
slight reaction can be deLected with SCM~BSA by 
immunoelectrophoresis using 20 ~g SCM-BSA. 
Immunodiffusion and immu.noelectrophoresis of 
fetal extracts. Ouchterlony double-diffusion analy-
sis of some of the fetal ext racts is shown in Figu re 
3. The SCM-der ivative extract of 16d rat skin gives 
little or no precipitate. while those of 18d, 19d. and 
20d give two precipitate bands which fuse with 
each other and with the newborn fib rous protein . A 
react.ion of identity is seen between the 20d fet.al 
extract and the newborn fibrous proteins. How. 
I I I I I I 
Flc. 1. SDS-polyacrylamide gels of fetal ra t. skin pro-
teins and related samples. a. molecular weight standards; 
bovine 'Serum albumin, bovine gamma globulin hea\'y 
chain . ovalbumin. bovine gamma globulin light chain. 
cytochrome c; b. 20d dermis: c, t5d skin: d. 16d skin: e. 
17d skin : f. ISd skin; g. 19d skin ; h. 20d epidermis: i. 
partially purified newborn rat SCM -fibrous protein . 
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@ C!) 
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PIC. 2. Immu nodiffusion of va rious newborn rat tis-
sues extracted with urea- Tris- mercaptoethanoL I. Par-
tially purified Ilewborn raL SCM-fibrous prot-ein: 2, liver; 
3. stratum corneum : 4. dermis; 5, kidney. A. Antise rum 
vs newborn rat SCM -fibrous protein (light chain): 8 , 
normal goat serum. 
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F1G. 3. Immunodiffusion of fetal extracts. 1. Partiallv 
purified newborn rat fibrous protein (containing light and 
heavy chains); 2, 20d epidermis; 3. 19d skin: 4, 18d skin : 
5. IBd skin : 6. SCM -bovine serum albumin. A. Antiserum 
vs newborn rat SCM ofibrous protein (light chain); B. 
normal goal serum. 
ever. strong spur formation between the J9d and 
20d extracts indicates that more antigenic sites are 
present ai 20d than at 19d. 
The results of immunoelectrophoresis of fetal 
samples by the rocket technique aTe shown in 
Figure 4. Cross reaction with antibody to fibrous 
protein is detectable at l6d development and 
older. The amount of cross-reacting material in-
creases with age. Formati on of multiple peaks is 
evident in l7d to 19d samples. This suggests more 
than one cross-reacting protein and/or more than 
one slale of aggregation in the UTME-solubilized 
samples . These possibilities are clarified by a 
two-dimensional technique in which proteins sepa-
rated on SDS-polyacrylamide gels are subject.ed to 
immunoelectrophoresis. Such a n analysis of pro-
tein from l7d. lSd. and 20d fetal skin as well as a 
partially purified sample of newborn rat stratum 
corneum fibrous protein is shown in Figure 5. 
UTME extracts of fetal skin from l6d to 2ld 
specimens have been analyzed in this way. The 
results can be summarized as follows: the 16d 
extract contains one cross-reactive peak which has 
approximately the same mobility on the SDS gel as 
the light chain of the fibrous protein: the l7d. lSd. 
and 19d extracts contain 2 cross-reactive peaks 
which have the mobility on the SDS gel equivalent 
to the heavy and light chains of the fibrous 
proteins: the 20d and 21d extracts contain the 
same two cross- reactive proteins but show addi-
tional cross-reactive components of higher mobil-
ity (lower molecular weight) on the SDS gels. 
In creasing the amount of antibody 1.5- to 2-fold or 
the amount of extract 1.5-fold did not reveal any 
additional cross-reactive peaks. 
Immunofluorescence. Fetal skin at l4d. l6d. 
ISd. 20d development and newborn rat ski n were 
observed using direct immunofluorescence. The 
newborn skin (Fig. 6) shows strong nuorescence in 
the cornified layer and the keraiohyaline granules. 
A less intense fluorescent reaction can be seen in 
the spinous layer. The 20d skin shows the same 
pattern of immunofluorescence as the newborn 
(Fig. 7A). The 18d fetal skin shows a positive 
reaction in the spinous and granular layers (Fi g. 
7B). Reaction in the led sample was weakly 
positive in the stratum intermedium. No reaction 
was detectable in the 14d sample. 
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DISCUSSION 
In this study, proteins have been identified in 
fetal rat skin which are immunologically related to 
two major proteins of the newborn stratum cor-
.. 
• '4 5 6 9 
FIG . 4. Immunoelectrophoresis of SCM-fet.al rat skin 
proteins \'5 antibody to SCM -fibrous prot.ein from new-
born rat st ratum corneum. Wells (l) - {4) each contained 
20 ~g UTME excract of fetal skin: Well ( I) 16d, (2) lid. 
(3) 18d. (4) 19d. Wells (5) and (6) each contained 2 "g 
UTME extract of fetal epidermis: Well (5) 2Od. and Well 
(6) 2td. Wells (7). (8). and (9) cont.ained 0.45. 0.9. and 1.8 
Jig. respectively. of the partially purified newborn rat 
SCM-fibrous protein . 
10 
(2) 
-------~)(1) 
FIG. 5. Two-dimensional SOS-polyacrylamide gel im · 
munoelectrophoresis of SCM-skin proteins. Approxi -
mately 40 Jig prote in was applied to an 50S-polyacryla-
mide geL the gel was sliced lengthwise. washed , and 
one-half embedded in agarose for immunoelect.rophore-
sis. Arrow (J) indicates direction of migration on the SOS 
gel. arrow (2) indicates direction of migration fo r im-
muno-electrophoresis. A. 17d skin UTME extract : B. IBd 
skin UTME extract; C. 20d epidermal UTME ext ract; D. 
partially purified newborn ral fibrous protein . 
April 1976 
FIG . 6. Direct immunofluorescence of newborn rat 
skin ( ... 480) , A: Section treated with normal gOBI !'ie rum. 
then with l1uorescent -labeled anti.serum. B: Blocked 
cont rol : sectiun treated with nonfluorescent antise rum 
then with fluorescent-labeled antiserum . 
neum . Ouchterlony analysis suggests that at the 
time of development of stratum corneum (20d). the 
fetal proteins are immunologically identical to 
those of the newborn. However. spur formation 
between 19d and 20d extracts suggests a change in 
the cross- reactive proteins simultaneous with the 
formation of the st ratum corneum. Two-dimen-
sional electrophoretic-i m munoelectrophoretic 
analysis suggests that two proteins with mobility 
identical to two fibrous proteins of the nev,,'born are 
the cross-reactive species. At least one cross-reac-
tive protein is present at 16d development. 4 days 
before t he statum corneum can be identified. The 
relative amount of these proteins increases daily as 
judged by intensity of stai ning of bands on SDS-
polyacrylamide gels. by the amount" of cross-react-
ing material in extracts, and by immunofluores-
ce nt studies. In the newborn these proteins are the 
major fibrous proteins of the stratum corneum. 
co mprising approximately 60 %- of the total proteins 
in the keratinized layer \91. Quantit.ative change is 
not evaluated in this study because of the lack of a 
common unit of comparison for all sa mples . The 
dermis was not separated from the younger fetal 
samples; therefore. DNA content. protein content. 
and tissue weight a re not comparable in all sam-
ples. 
The technique of SDS gel electrophoresis per-
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mits t he study of the monomeric form of proteins. 
Possible changes in native ter tia ry structure or 
changes in the state of aggregation during develop-
ment will not affect the interpretation of SDS gels. 
The SDS gel technique by itself can not be used to 
identify protein precursors of molecular weight 
different from the stratum corneum proteins, but 
when coupled with immunoelectrophoresis. pre-
cu rsors ca n be identified if they cross react with the 
antibody to the differentiated product. 
The antibody used in these studies was elicited 
vs the SCM·light chain of newborn fibrous protein. 
It was previously shown to give a single precipitate 
band in Ouchterlony double diffusion with either 
the purified SCM-light chain or SCM-heavy chain 
of the fibrous protein and that these fuse to yield a 
reaction of identity [9[. The antibody is primarily 
specific for the fib rous protein. not the haptenic 
ca rboxymethyl group. This has been demonstrated 
by lack of cross reaction of the antibody with 
S-carboxymethyl-bovine serum albumin in Ouch-
terlony double-diffusion tests. The greater sensi-
tivity of the rocket immunoelectrophoretic proce-
dure revealed a barely detectable reaction with 20 
" g SCM-BSA. A maximum of 20 " g of the SCM-
derivative fe tal protein was used for immunoelec-
trophoresis. thus. a false posi ti ve might be possible 
with this technique alone. However. essentially the 
same results were obtained with non-derivatized 
feta l prote ins. In addition, identical results to 
those shown for the two~dimensional analysis were 
FIG. i . Direct immunofluorescence of fetal rat skin ( x 
320). Sections treated with normal goat serum then with 
Ouorescent- labeled antise rum. A. 20d feta l: B. 1Bd fetal. 
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obtained using antibody adsorbed with SCM- BSA 
cross, linked with ethylchloroformate. 
The presence of bands on the SDS gels which 
have the same mobility as the fibrous proteins, and 
which increase with development, is suggestive 
evidence that these bands are the fib rous proteins . 
This is confirmed by two~dimensional electro-
phoresis- i mm unoeleclrophoresis. 1 m m unoelectro-
phoresis permits identifi cation of one of these 
bands at 16d development . before it can be ob-
served in SDS gels by protein staining. 
Bands with the mobility of the fibrous proteins 
are the only cross-reactive prot.eins detected in the 
16d to 19d skin. However. identity with the new-
born fibrou s prote in s cann ot be concluded. In fact. 
the spur formation in double-diffus ion a nalysis 
between 19d and 20d extracts suggests that the 
protein at 19d has only antigenic s ites which Bre 
identical to those at 20d. but the 20d protein has 
additional si tes not present at 19d. This change 
could be due t.o (1) the synthesis of a new protei n 
which coprecipitates with the previous ly existing 
protein in the double-diffusion an alysis. l2) a 
conform ation specifi c to s tratum corneum fibrous 
protein . or (3) a post-translational alteration suc h 
as the binding of carbohydrate or another moiety 
or an alteration of an amino acid res idue . The later 
type of change could lead to a major st ructural and 
functional change in the native agg-regated state of 
the protein with on ly a negligible change in the 
molecular weight of the monomeri c polypeptide 
chain . Such changes might take place during 
differentiation. 
The 20d and 21d fetal epidermal samples con-
tain cross- reactive species in addition to the fi-
brous protein heavy and light chains. These could 
represent precursors of the fibrous protein which 
are present in great enough concentration to be 
detectable at this stage of development. On the 
other hand. their lower molecular weight suggests 
that they might be breakdown products due to 
storage. enzymatic activi ty in the epidermis. or 
proteolytic activity in the crude trypsi n prepara · 
tion used for epidermal - dermal separation . Pro-
teolysis by trypsin itself is unlikely because of the 
resistance of the fibrous proteins to the enzyme [9]. 
The presence of PMSF during extract ion, carboxy-
methylation. and storage should have inhibited 
endogenous proteolyt ic activity. H owever , we have 
not eliminated the possibility of breakdown before 
extraction. Further studies are required to deter-
mine whether these additional cross- reactive pro-
teins are precursors of the fibrous proteins, natural 
products of keratinization. or breakdown produ cts. 
The occurrence of proteins which cross~ react 
with the newborn rat stratum corneum fibrous 
protein 4 days before the morphologic appearance 
of stratum corneum supports previous results that 
fibrou s proteins or their precursors exist in the 
lower cell layers. This has been demonstrated for 
newborn rat [6.9.17] and for bovine snout 118- 21]. 
The time of appearance of these prot.eins suggests 
that the morphologic component with which they 
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are associated may be the tonofilaments. Ultra -
structural studies of developing rat keratinizing 
epithelia suggest that tonofilaments can be identi-
fied at 17d and keratohyaline granules at 18d 
13.22.23]. 
The results reported here are compatible with 
the hypothes is that tonofilaments are the compo-
nents of the l6d to lBd skin containing the cross· 
reactive proteins . The tonofilaments become more 
numerous and aggregate with keratohyalin by 20d 
development. These changes resu lt in an intense 
fluorescence in the keratohyaline granules. This 
intensity could be due to the biosynthesis of 
cross-reactive proteins. due to the concentration of 
cross-reactive components into a smaller area. or 
to some biochemical modification of keratohyalin 
and/or tonofilaments, or all of these possibilities. 
A biochemical modification could result in a change 
in protein conformation to tha t of the stratum 
corneum. and a concomitant exposure of addi· 
tional antigenic sites result ing in t he intense 
flu orescence of the s tratum corneum . 
We wish to thank Ms. Marie Doman for histologic 
assistance and Dr. James Clagett fo r assistance with the 
immunofluorescence. 
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